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Currently, the industrial hydrocracking catalysts are sulfided catalysts with low 
catalytic activity. Although the reduced hydrocracking catalysts have high catalytic 
activity, they would be easily poisoned by sulfur and nitrogen in the feedstock, 
leading to the decrease of the activity. So, the study and design of reduced 
hydrocracking catalysts with tolerance to the sulfur and nitrogen compounds have 
become one of the widely concerned topics in the field of catalysis.  
This dissertation focuses on the reduced hydrocracking catalysts with nickel as 
hydrogenation component and partly substituted cesium salts of tungstophosphoric 
acid as acidic component. The effects of nickel content, tungstophosphoric acid 
loading, degree of substitution of cesium, supports and preparation methods on the 
catalytic performance have been studied. To analysis the structure-activity 
relationship, the interaction between partly substituted cesium salts of 
tungstophosphoric acid and nickel, the matching and relation between acidity and 
hydrogenation function, we performed BET, XRD, In-situ XRD, Raman, SEM, 
ICP-OES, H2-TPR, H2-TPD, NH3-TPD, FT-IR, Elementary analysis and FT-IR of 
pyridine adsorption characterizations for the catalysts. Moreover, hydrogen spillover 
phenomenon and mechanism on the catalysts were further studied and confirmed. 
The results obtained were summarized as follows. 
1. Using large surface NiO as hydrogenation component and phosphotugstic acid 
(cesium) as acid component, a series of Ni-CsxH3-xPW (x=0, 1, 2, 3) non supported 
hydrocracking catalysts were prepared by mechanical grinding method. The results 
showed that over the reduced non supported Ni-CsxH3-xPW (x=0, 1, 2; PW12O40 
simplified as PW) catalysts, with the content of phosphotugstic acid (cesium) 
gradually increased, the conversion of n-decane increased firstly and then decreased. 
The sequence of the catalytic activity was Ni-CsH2PW > Ni-Cs2HPW > Ni-H3PW. 
The results of H2-TPD indicated that the hydrogen adsorption over Ni-CsxH3-xP 















increase than Ni, phosphotugstic acid and Cs. This fact could be explained by the 
phenomenon which the hydrogen species H· combined with H+ to generate Hn+. And 
NH3/H2-TPD also confirmed the presence of Hn+. Theoretical calculation indicated 
that hydrogen species H· combined with H+ to generate Hn+ was favorable in the 
respect of energy, and while NH3 and H3+ might produce NH6+ species.  
 
2. Using γ-Al2O3 and SiO2 as supports, nickel as hydrogenation component and 
cesium salts of phosphotugstic acid as acid component, a series of catalysts were 
prepared by impregnation method. The results indicated that the reduced catalysts 
showed a high activity for hydrocracking and displayed an excellent tolerance to the 
sulfur and nitrogen compounds in the feedstock. The catalytic activity revealed that 
appropriate amount of Cs led to higher activity in the presence of the sulfur and 
nitrogen compounds than the industrial catalyst. There existed hydrogen spillover 
phenomenon on the catalysts’ surface. The process of hydrogen spillover would 
generate reactive hydrogen species layer covering on the catalysts’ surface. The 
reactive hydrogen can decrease coke deposition and enhance the resistance to the 
sulfur and nitrogen compounds of the catalysts. So the reduced hydrocracking 
catalysts remain excellent catalytic activity with sulfur and nitrogen compounds in the 
feedstock. 
 
3. The supported hydrocracking catalysts with nickel as hydrogenation 
component and cesium salts of phosphotugstic acid as acid component were also 
prepared by precipitation – impregnation using TEOS as silica oxide source and critic 
acid as complexing agent. The influences of the contents of nickel and cesium salts of 
tungstophosphoric acid, degree of substitution of cesium, calcination temperature on 
catalytic performance were investigated. The best result was obtained on the catalyst 
8% Ni-50% Cs1.5H1.5PW/SiO2 with a molar ratio to 2 for critic acid to nickel and at 
the calcination temperature of 400 oC. Compared with the catalysts prepared by 
impregnation, the higher performance of the catalysts prepared by precipitation – 















dispersions of nickel and cesium salts of tungstophosphoric acid over support, higher 
specific surface, higher number of acid site, as well as weaker acidity strength and 
stronger capability of hydrogen adsorption and desorption.. 
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